Seven other children were found to have multiple café au lait spots without other apparent features of NF1. A minimum estimate of the crude prevalence was 3.0 per 10000 (95% confidence interval, 2.3-4.0 per 10000 population). The incidence of NF1 in this population was probably in the range of 30 to 38 cases per 100000 live births.
Conclusion:
Our study obtained a nearly unbiased birth incidence of NF1 of approximately 1 in 2600 to 1 in 3000 and demonstrates that NF1 can be diagnosed by age 6 years in most cases by routine physical examination with special attention to the disease-associated skin stigmata.
Arch Dermatol. 2005; 141:71-74 N EUROFIBROMATOSIS 1 (NF1) is an autosomal dominant disease characterized by multiple café au lait spots, intertriginous freckling, and neurofibromas. [1] [2] [3] Cerebral and spinal tumors, skeletal dysplasias, and ophthalmological abnormalities are also frequent in affected patients. 2 About half of children with NF1 have learning disabilities. 4 The median age at death among NF1 patients is about 15 years younger than that of the general population. 5 Early diagnosis of NF1 is important for optimal management, especially for treatment of neuropsychological problems in affected children. Neurofibromatosis 1 is caused by mutations of the NF1 gene on chromosome band 17q11.2.
6-8 EstimatesoftheprevalenceofNF1 have ranged from 1.0 to 10.4 per 10000 in various populations, [9] [10] [11] [12] [13] [14] [15] [16] [17] but the prevalence has not been studied in Germany.
Neurofibromatosis 1 is infrequently diagnosed at birth because most of the disease-associated signs and symptoms develop later. This makes estimates of the incidence of NF1 at birth dependent on extrapolations from prevalence figures determined later in life. However, some patients with NF1 die early, so the prevalence decreases with increasing age, complicating efforts to obtain accurate estimates of the birth incidence.
Although the multiple cutaneous neurofibromas that give NF1 its name are infrequent before puberty, multiple café au lait spots are clearly visible in more than 95% of children with NF1 by age 6 years. 11, [18] [19] [20] [21] Intertriginous freckling, another pigmentary abnormality characteristic of NF1, can be seen in more than 85% of patients with NF1 by age 6 years. The presence of these 2 features is sufficient for diagnosis of the disease by standard clinical criteria. 2 In most parts of Germany, all children are required to have a medical examination at age 6 years, prior to enrollment in elementary school. We used these routine examinations to perform a populationbased study of the prevalence of NF1 and to estimate the incidence of NF1 at birth.
METHODS
Children in Germany are required to undergo a medical examination for enrollment in elementary school at age 6 years. This examination is usually performed by a physician for
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schoolchildren from the local public health department, but in some areas the official examination can be peformed by another physician or is not required for children with disabilities or mental retardation. To avoid underascertainment of children with NF1, we restricted our study to areas of Germany in which all children are examined by a physician from the local health department prior to enrollment in elementary school. A total of 6 German federal states fulfill these criteria-5 in eastern Germany (Brandenburg, Mecklenburg-Vorpommern, Sachsen, Sachsen-Anhalt, and Thüringen) and 1 in western Germany (Saarland). Non-German ethnicity in these states is estimated to be 4%. In 1999, we contacted all 117 local public health departments in the 6 selected German federal states, explaining the purpose of our study and asking for support and cooperation. All of the departments agreed, and we sent them information regarding the diagnostic criteria for NF1 according to the National Institutes of Health (NIH). 2 Because of the limited nature of the routine preschool examinations, Lisch nodules and optic gliomas could not be identified. Cutaneous neurofibromas were not considered because they are rare in 6-year-old children with NF1. 11, [18] [19] [20] [21] Although plexiform neurofibromas may be apparent in young children, these tumors were not included as diagnostic criteria in this study because their size and appearance vary greatly and correct diagnosis requires expertise. Therefore, the diagnosis of NF1 was based on the presence of 2 or more of the following features: 6 or more café au lait spots larger than 5 mm in greatest diameter, axillary or inguinal freckling, pseudarthrosis of the tibia, or the history of a first-degree relative with NF1.
The preliminary diagnosis of NF1 was made by the school physician. Affected children were referred to a neurologist or other appropriate specialist for conclusive diagnosis and to receive additional examinations or testing if needed. Detailed medical records were not available to us because of strict privacy protection.
In 2000, we obtained information from only 84 (70%) of the 117 health departments. The main reason for this low data collection rate was that some health departments were contacted too late. Lack of experience and errors in data recording also contributed to the unsatisfactory data collection. We therefore decided to repeat the study in 2001 and obtained satisfactory data from 110 (94%) of the 117 public health departments. Asymptotic 95% confidence intervals for the observed proportions were calculated by the method described by Fleiss.
22

RESULTS
A total of 152 819 children aged 6 years were examined for features of NF1 in 6 German federal states over a period of 2 years ( Table 1) . According to reports provided by the participating health departments, 51 of these children met the diagnostic criteria for NF1 2 with 2 or more of the following features: 6 or more café au lait spots larger than 5 mm in greatest diameter, axillary or inguinal freckling, pseudarthrosis of the tibia, or history of a first-degree relative with NF1. The health departments reported that the diagnosis of NF1 was confirmed in all 51 children by a neurologist or other appropriate specialist. The prevalence measured in 2000 and 2001 was similar: 1:3072 and 1:2938, respectively (Table 1) . Combining these data, we estimate the prevalence of NF1 among 6-year-old German children to be 1:2996 (95% confidence interval, 1:2260 to 1:3984).
In addition, 7 other children were reported to have had more than 6 café au lait spots larger than 5 mm in greatest diameter but no other signs of NF1. These 7 children are not included among the 51 diagnosed cases for the estimation of prevalence. However, most, if not all, of these children probably also have NF1. Some of these patients may already have Lisch nodules, optic gliomas, or other cardinal clinical features that would not have been identified in this study, and most of the other children with multiple café au lait spots are likely to develop additional features of NF1 within the next few years. 21, 23 About 5% of children who subsequently can be diagnosed with NF1 do not meet the standard diagnostic criteria on complete examination by age 6 years, although almost all of these children have multiple café au lait spots. 21 In our study, 51 (88%) of the 58 children with more than 6 café au lait spots at age 6 years met the diagnostic criteria for NF1. A maximal estimate of the prevalence of NF1 among the 6-year-old children in this study can be obtained by assuming that all 7 children noted to have 6 or more café au lait spots but not diagnosed as having NF1 will also turn out to have NF1. This would give an estimated prevalence of 58 in 152819 or 1:2635 (95% confidence interval, 1:2023 to 1:3439).
COMMENT
Our estimate of prevalence of NF1 among 6-year-old children in Germany is similar to that found in most previous studies of other populations (Figure) . The striking exception is the study by Garty et al, 14 which found a Fuller et al, 12 1989 Clementi et al, 13 1990 Garty et al, 14 1994 Ingordo et al, 15 1995 Fazzii et al, 16 1998
Poyhonen et al, 17 prevalence of NF1 among 17-year-old Israeli military recruits that was several times higher than that observed in this or any other population-based study that has been reported. Whether this difference reflects a higher prevalence of NF1 among Jewish people or some other factor is unclear.
Our study provides an excellent opportunity to generate an unbiased estimate of the incidence of NF1 at birth. Most infants who carry an NF1 mutation cannot be identified at birth because few of the clinical features of NF1 are apparent at that time.
11,18-21 By age 6 years, the diagnosis of NF1 can be made in about 95% of affected children using the standard NIH criteria. 21 An even higher proportion of affected individuals can be identified clinically in adolescence or early adulthood, but the prevalence decreases with age because premature death is much more frequent in adolescents and young adults with NF1 than in the general population. 5 This is not true for young children with NF1. Thus, most children with NF1 can be identified by physical examination at age 6 years, and very few members of this birth cohort will have died as a result of NF1 or its complications. The criteria used for diagnosis of NF1 in this study are simple, and the examinations were carried out in a standard fashion by public health department physicians. It therefore seems likely that the incidence of NF1 at birth is very similar to the prevalence we measured at age 6 years-between 33 and 38 per 100000 population. Only a few estimates have previously been made of the incidence of NF1 at birth. 11, 13, 17, 24 Despite substantial differences in methodology ( Table 2) , all of the results are remarkably similar to ours.
Neurofibromatosis 1 is clearly one of the most common autosomal dominant diseases in humans. Our study and all previous studies of NF1 prevalence and incidence at birth involve populations of mainly European origin, and it is not known whether the frequency of NF1 differs in other populations. This question is of considerable interest, given the high mutation rate that has been calculated for the large NF1 gene. 
